Heat stress can have severe effects on the physiology and productive function of lactating dairy cattle. Among the negative effects are hyperthermia, metabolic alkalosis, reduced feed intake, decreased milk yield, and increased embryonic mortality (Ealy et al., 1993; Miller et al., 1999; Ominski et al., 2002) . The hyperthermia coincident with heat stress occurs largely because animals cannot dissipate all the heat produced as a result of metabolism to the surrounding environment. Alterations in blood flow to the gut and the resultant release of endotoxins from bacteria resident in the gut may exacerbate the hyperthermia experienced by heat-stressed animals through endotoxin-driven changes in prostaglandin synthesis. The barrier to movement of endotoxins from the gut lumen into plasma is dependent on the local blood supply (Papa et al., 1983; Fink et al., 1991) . Heat stress resulted in decreased perfusion of the gut in several species including rat, dog, and sheep (Moseley et al., 1994; Sakurada & Hales, 1998; Lambert et al., 2002) and increased release of endotoxins from the gut in rats (Shapiro et al., 1986) . Sakurada and Hales (1998) demonstrated that a prostaglandin synthesis inhibitor, indomethacin, reduced the magnitude of heat-stress associated hyperthermia in sheep if animals were physically unfit but not if sheep were physically fit. Overall, body temperature in heatstressed ewes was lower in the fit sheep. The interpretation of these results was that some of the hyperthermia experienced by the sheep during heat stress occurred because of leakage of endotoxins from the gut as a result of decreased perfusion of blood to this tissue. Physically-fit sheep did not experience this leakage because cardiac output was sufficiently high to allow adequate blood flow through the gut.
These results suggest that the magnitude of heat stress effects on body temperature and, presumably, on other physiological functions, can be modified by regulation of gut flow or by pharmacological inhibition of endotoxin-driven changes in body temperature dependent upon prostaglandins. However, inhibition of prostaglandin synthesis had no effect on the body temperature experienced by heat-stressed chickens (Furlan et al., 1998) and the extent to which prostaglandin synthesis plays a general role in heat-stress associated hyperthermia is not known. The current experiment was performed to test the importance of prostaglandin-mediated actions on the elevation of body temperature in heat-stressed dairy cows. The hypothesis was that inhibition of prostaglandin synthesis reduces the increase in body temperature and respiration rate experienced in cows exposed to heat stress.
The experiment was conducted at the Dairy Research Unit located at Hague, FL, USA (29°46¢N, 82°25¢W). A total of 15 Holsteins cows that ranged from 100 to 200 days in milk and produced more than 22.5 kg milk/day were used. Cows in the herd typically weigh approximately 630 kg at this stage of lactation. Cows were milked three times per day and received injections of bovine somatotropin, 500 mg, s.c. (Posilac, Monsanto, St Louis, MO, USA) every 14 days. Cows were housed in a free-stall barn equipped with misters and fans.
The experiment was conducted on 6 October 2000; this day was chosen to be one that would have environmental conditions sufficient to cause hyperthermia. On the day of the experiment, cows were milked at 05.00 hours, moved to a barn not open to the outside and without fans or air conditioning. Cows were placed in individual stanchions and allowed access to feed and water. Cows were paired according to milk yield and randomly assigned within block to either receive intramuscular injections of 1 g flunixin meglumine (FM; 20 mL of 50 mg/mL solution of Banamine Ò from Schering-Plough Animal Health Corp., Union, NJ, USA) or placebo (41.44 g propylene glycol and 20 mg sodium ethylenediamine tetraacetic acid in 200 mL sterile filtered water; corresponds to the vehicle for FM). Injections of FM or placebo were administered at 08.00 and 13.00 hours. The dose, timing, and route of administration were chosen because of previous results that twice-daily administration of 1 g FM, i.m., inhibited uterine prostaglandin secretion in lactating cows (Guilbault et al., 1987) . Rectal temperature (recorded using a mercury thermometer) and respiration rate was monitored every 2 h from 08.00-20.00 hours. Data were analyzed by least-square analysis of variance using the General Linear Models procedure of the Statistical Analysis System (SAS Instute, Cary, NC, USA). The mathematical model included the effect of treatment, cow (treatment), time, and time · treatment. Cow was considered random and other effects were considered fixed. Tests of significance were prepared using error terms calculated from expected means squares. Data are reported as least-squares means ± SE.
Results are shown in Fig. 1 . There was an effect (P < 0.001) of time on rectal temperature and respiration rate. Rectal temperature and respiration rate rose during the course of the day and peaked at 16.00-18.00 hours in parallel with the rise in dry bulb temperature. Thereafter, values for both rectal temperature and respiration rate declined slightly (Fig. 1, middle and bottom panel). There were no treatment · time interactions; treatment with FM did not alter rectal temperature or respiration rate. The peak rectal temperatures ranged from 39.4 to 41.1°C in cows treated with placebo and 39.4 to 41.3°C in cows treated with FM.
Results demonstrate that injection of the prostaglandin synthesis inhibitor, FM, did not reduce the increase in rectal temperature and respiration rate in lactating cows exposed to heat stress. Thus, in these cows at least, the increase in rectal temperature or respiratory rate during heat stress was not a prostaglandin-dependent phenomenon. This finding is similar to a study in broiler chickens in which another prostaglandin synthesis inhibitor (indomethacin) did not alter the rise in rectal temperature during heat exposure (Furlan et al., 1998) . In contrast, experiments with sheep suggest that inhibition of prostaglandin synthesis reduced the magnitude of hyperthermia in response to heat stress when sheep are less physically-fit (Sakurada & Hales, 1998) . The fact that the response to prostaglandin synthesis inhibitors in heat-stressed sheep depended on level of fitness may explain the reason why prostaglandin synthesis inhibitors were ineffective in this study. Cows used in this experiment were lactating and subjected to treatment with a slow release preparation of bovine somatotropin to increase milk yield. Treatment of lactating cows with somatotropin increased cardiac output and mammary blood flow (Davis et al., 1988; Breier et al., 1991) . Perhaps, like exercise in sheep, lactation itself and treatment with bovine somatotropin increased cardiac output sufficiently to allow adequate perfusion of the gut during heat stress to prevent endotoxin leakage. It may be that the amount of milk yield, by affecting cardiac output, is a determinant of the relative importance of heat-stress induced changes in endotoxin release.
It is possible that a more severe heat stress than cows experienced here would have had a larger effect on vascular perfusion of the gut and endotoxin release. However, the peak body temperature cows experienced (39.4-41.3°C) is characteristic of cows in the summer in Florida (Rivera & Hansen, 2001) and is associated with a reduction in milk yield (Elvinger et al., 1992) and embryonic survival (Ealy et al., 1993) .
The present data provide evidence that the rise in body temperature in heat-stressed cows is not dependent on prostaglandin synthesis. Based on these data, use of cyclooxygenase inhibitors to reduce hyperthermia during heat stress in dairy cows is not recommended. Additional studies should be conducted to determine interactions between heat stress, somatotropin and milk yield on regulation of blood flow to the gastroinstestinal tract and endotoxin release from the gut.
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